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the discovery of fundamental knowledge, the

development of new and unique equipment to meet
and anticipate new naval requirements, analysic
of Fleet machinery failures, and evaluation of
prototypes to insure high performance and relia-
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naval engineering, the Marine Engineering Lab-
oratory contributes to the technical excellence
and superiority of the Navy today - and tomorrow.
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ABSTRACT

THIS 1S THE SECOND PHASE REPORT ON SEA-WATER
CORROSION OF MATERIALS FOR USE N MECHANICAL SEALS
FOR SUBMARINE SHAFTING AND CONCERNS GALVANIC
CORROSION EFFECTS RESULTING FROM COMBINATIONS OF
METALS AND CARBON. SiX ALLOYS WERE SELECTED FOR ;
TEST: A TIN BRONZE, A NICKEL~ALUMINUM BRONZE,. A '
HIGH=COPPER ALLOY, TWO NICKEL=COPPER ALLOYS, AND
A NICKEL~BASE ALLOY, GALVANIC CORROSION WAS DE~
TERMINED FOR EACH ALLOY, COUPLED TO EACH OF THREE
GRADES OF CARBON. RESULTS SHOW SUBSTANTIAL GAL~
VANIC CORROSION OF FIVE ALLOYS. THE EXCEPTION WAS
THE NICKEL=BASE ALLOY, WHICH EXHIBITED ESSENTIALLY
NO ATTACK IN EITHER COUPLED OR UNCOUPLED TESTS.

iii
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CORROSION. OF MECHAN{CAL
SEAL MATERIALS INDUCED BY
COUPLING TO CARBON

1.0 INTRODUCTION

L]

THe U. S. NAVY MARINE ENGINEERING LABORATORY -I5 ENGAGED. 1IN AN EX=
TENSIVE INVESTIGATION OF MECHANICAL SEALS FOR DEEP~-SUBMERGENCE SUB=
MARINES. ONE SEGMENT OF THE INVESTIGATION IS CONCERNED WITH THE SPECIAL
CORROSION PROBLEMS WHICH CAN OCCUR IN MECHANICAL SEALS. THESE PROBLEMS
ARISE FROM THE NEED FOR A VARIETY OF MATERIALS TO PERFORM SPECIFIC !
FUNCTIONS. IN A SEA-WATER ENVIRONMENT, THE COMBINATION OF MATERIALS CAN
LEAD TO ACCELERATED CORROSION OF SOME COMPONENTS BY GALVANIC COUPLING TO
OTHER COMPONENTS MADE OF MORE NOBLE MATERIALS., -

AT THE OUTSET OF THE INVESTIGATION, EIGHT ALLOYS, SiX GRADES OF
CARBON, AND SEVERAL TYPES OF HARD~SURFACING MATERIALS WERE SELECTED FOR
STUDY. THE CORROSION BEHAVIOR OF THE EIGHT ALLOYS IN GALVANIC AND
CREVICE~CORROSION TESTS HAVE BEEN REPORTED, REFERENCE (A). THiS REPORT
CONCERNS THE GALVANIC EFFECTS OF COUPLING SIX OF THE METALS INDIVIDUALLY
TO THREE GRADES OF CARBON. QCORROSION TESTS INVOLVING THE HARD~SURFACING
ot T R AT S HAVE - AL SO0 BEEN-MADE—-AND.WILL BE REPORTED AT A LATER DATE.,

2.0 MATERIALS
[}

THE NOMINAL COMPOSITIONS OF THE SIX ALLOYS WHICH WERE COUPLED TO
EACH OF THREE.GRADES OF CARBON ARE PRESENTED IN TABLE 1.
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3.0  METHOD OF TEST

THE METHOD OF CONDUCTING THE GALVANIC CORROSION TESTS WAS DE~-
SCRIBED IN DETAIL IN REFERENCE (A). THE GALVANIC CELLS, SHOWN
SCHEMATICALLY IN FIGURE 1, WERE MADE OF HARD RUBBER PROTECTED BY A BRASS
CASING.. TWo SPECIMENS (ONE METAL AND ONE CARBON) WERE SECURED IN EACH
e .~ CELL _AS SHOWN, . SEAWATER FLOWED BETWEEN THE SPECIMENS WHICH WERE
T " TELECTRTICALLY TONNECTED THROUGH A LOW RESHSTANCE- EXTERNAL-SHUNT . _THE 7.7 777"
VELOCITY OF THE :SEAWATER WAS MAINTAINED AT 13 FT PER SEC DURING THE
62 pAYs OF TEST. * THE METAL AND CARBON SPECIMENS HAD EXPOSED AREAS OF
2.625 SQUARE INCHES EACH.

1

4,0 RESULTS OF TEST

WEIGHT LOSSES AND CORROSION. RATES OF THE SiX ALLOYS COUPLED AND
NOT COUPLED TO THREE GRADES OF CARBON, ARE PRESENTED IN TABLE 2.
CORROSION RATES ARE REPORTED AS MILLIGRAMS PER SQUARE INCH PER DAY (MDD)
AND INCHES PENETRATION PER YEAR (IPY). THE GALVANIC EFFECT REPORTED IN
COLUMN 5 IS THE DIFFERENCE BETWEEN THE CORROSION RATE-OF_.THE CONTROL
(NOT COUPLED) AND THE COUPLED SPECIMENS. THE MAGNITUDE OF THE GALVANIC
EFFECT 1S ILLUSTRATED IN FIGURE 2, A BAR GRAPH OF CORROSION RATES.

4} Cazuooic AcTion. THE BAR GRAPH AND TABLE 2 INDICATE THAT THE

THREE GRADES OF CARBON ACTED AS STRONG CATHODES TO ALL MATERIALS EXCEPT
HasTELLOY C. THE CORROSION RATE OF THIS ALLOY WAS THE SAME WHETHER
COUPLED OR NOT COUPLED TO THE CARBONS. CORRO3SION RATES OF THE OTHER
"ALLOYS WERE INCREASED SEVERAL-FOLD BY GALVANIC ACTION., RATIOS OF THE
CORROSION RATES OF COUPLED SPECIMENS TO RATES OF NONCOUPLED SPECIMENS
ARE SHOWN IN COLUMN 6. THESE RATIOS SHOW THAT THE CATHODIC CHARACTER=
ISTICS OF EACH OF THE THREE GRADES OF CARBON WERE ABOUT THE SAME WHEN
COUPLED TO NICKEL~ALUMINUM BRONZE, CupaLLOY, S MONEL, AND HAasTELLOY C.
(THE Low RAT1O FOR THE S MoNEL: CARBON T2J.COUPLE 1S ATTRIBUTED TO LOSS
OF CONTACT BETWEEN THE SPECIMENS WHEN THE CARBON. SAMPLE BROKE SOMETIME
DURING THE TEST.) WHEN COUPLED TO G BRONZE AND TO |H MONEL, THE CATHODIC
BEHAVIOR OF THE CARBONS WAS SOMEWHAT |RREGULAR, WITH. AT LEAST ONE GRADE
OF CARBON PERFORMING AS A COMPARATIVELY. WEAK CATHODE.

4.2 No CARBON DETERIORATION. SPECIMENS OF THE THREE GRADES OF CARBON,
AFTER CLEANING AND DRYING, SHOWED A SLIGHT INCREASE IN WEIGHT (0.012 To
0.100 GRAMS) WHETHER OR NOT THEY HAD BEEN COUPLED TO METAL SPECIMENS
DURING THE TEST. THERE WAS NO VISIBLE EVIDENCE OF DETERIORATION OF THE
CARBON SPECIMENS.

\ * ABBREVIATIONS USED IN THIS TEXT ARE FROM THE GPO STvLe MANuUAL, 1959,
. UNLESS OTHERWISE NOTED.
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TasLE 2

GaLvaNic CorrOsION OF METALS CouPLED TO0 CARBONS IN
Sea WATER FLOWING AT 13 FEET PER SECOND FOR 62 DAYs

CoLumn 1 2 3 ] U 5 [
- T ... 1 MemaL RATIO
} CoupLep MAaTERTALS (1) - MeTAL | Cormesten — —BALVANIC I Couates — 4 L
- WEIGHT RATE Errect(3)] To Non-
ELECTRODE A EiLecTrooe B Loss . COUPLED

MeTaL CarBoN _GRAMS MBD 1PY 1PY CoRrRROS ION

G BRoNzE (2) - 0.868 82.8 .0t 0 .
G BRONZE GRADE  61A EJh3g 19.0 | 0,08 .072 .
G BronzE Graoe 4G .92 70.0 | 0,07 .0 .
G BRONZE Graoe J2J | 1.527 | 146.0 | 0.02 011 .
Ni-AL Bronze{|: (2) 0.17i 16.3 0 .

Ni-AL Bronze | GraDE 61A | 1,509 4.0
Ni-AL BRONZE GRaDE  14G.| 1.530 | 146.0
Ni-AL BronzEe GRAPE J2J 1 1.649 157.0
CupaLLOY (2) -
CupaLLOY Graoe  61A | 5.729
ttoY L — 1!1‘ 5 1
CupaLLOY . GRADE  T2J | 6.916
H. MoneL (2) -
MoNEL Grape  61A | 0.713
MoNEL Grape  14G | 0.103
MONEL GRADE - T2J 1.369
MONEL (2) -
MoNnEL GraDE  61A 1.21

MoNEL | Graoe 146 | 2.349 : 3
MONEL GRADE  J2J | 0.976 . { 0.01
.(1) CouPLED THROUGH 0.01-0HM RESISTOR;
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HasTELLOY C (2) -
HasTeLLoY C GRADE  61A | _0.005..~~
HasTELLOY C GraDE 114G ] . 0.005
HasTELLOY C GrapE  T2J 0.005

0.0001
0.0001

(0 cTocfo-leo )
o

SPECIMEN AREA 2.625 sa IN
22; CONTROL = NOT COUPLED
3) GALVANIC EFFECT - CORROSION DUE SOLELY TO
. GALVANIC ACTION
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62-Day TesT, 13 FEeT PER SECOND WATER VetociTy

é 61 A -
{ 146
724 | | |

lC@lTROL- I , 1 R ] , l R .
— . Ni= AL BRONZE ,
§ 6l A

146

; 24
f co“Tm : l. | ) 1 L 1 g | N l "
g CUPALLOY
§ 6l A
g. i4
72 ~
% CONTROL { \ 0 . n R L A | i
| | H MONEL
% 6IA
' 146
! T2) | o
% CONTROL 1 N 1 1 n 1 1 1l L 1 1
§ S MONEL
11
; 61A
146
! 12 |
i mml‘! 2 | , 1 g i 3 | 4 ] "
0.000! |PY HASTELLOY C

0 0.02 0.04 0.06 0.08 0.10 .
CORROSION RATE OF METAL , in. penstration per yeor.{ IPY)

FIGURE 2 - GALVANIC CORROS10N OF METALS CouPLED TO CARBONS



‘ MEL ReporT 117/64

5.0  DISCUSSION

THE QUALITY OF THE ELECTRICAL COUPLING OF THE SAMPLES 1S AN IMPOR=

TANT FACTOR IN GALVANIC CORROSION TESTS. MINOR DIFFERENCES IN THE RE=~
SISTANCE OF THE CIRCUIT WILL MARKEDLY AFFECT THE}CURRENT FLOW AND THE
CORROSION RATE. IN THE RESULTS PRESENTED, THE AMOUNT OF SCATTER PRECLUDED
DIFFERENTIATING AMONG THE THREE GRADES OF CARBON WITH RESPECT TO GALVANIC

______ Lo UL T T EFFECT, OR ESTABLISFING A RELATIONSHIP BETWEEN POTENTHALOHFFERENCE AND——
GALVANIC CORROSION., DESPITE THESE DIFFICULTIES, THE RESULTS DEMONSTRATED I
THAT SUBSTANTIAL GALVANIC CORROSION CAN DEVELOP N THE COUPLING OF CARBONS
T0 METALS (EXCEPT HasTELLOY C). THE MAGNITUDE OF THE EFFECT IS ATTRIBUTED
TO THE LARGE DIFFERENCE IN POTENTIAL BETWEEN CARBON AND METAL AS MEASURED
BY A CALOMEL HALF=-CELL.

5.1  MiniMIZING GALVANIC CORROSION. IN ACTUAL MECHANICAL SEALS, THE

AMOUNT OF CARBON PRESENT 1S SMALL RELATIVE TO THE SURROUNDING METAL. THIS
PROVIDES A FAVORABLE AREA RATIO BETWEEN THE CATHODE (CARBON) AND THE ANODE
(METAL), AS IT PROMOTES A SITUATION THAT MINIMIZES GALVANIC CORROSION,
HOWEVER, THE BENEFIT OF A FAVORABLE CATHODE=ANODE AREA RATIO (S DEPENDENT

ON POLARIZATION OF THE CATHODE. [N THE USUAL CASE, A SMALL CATHODE AREA
RESULTS IN A HIGH CATHODE CURRENT DENSITY; THIS FAVORS POLARIZATION OF THE
CATHODE, WITH RESULTANT REDUCTION OF THE GALVANIC CURRENT AND GALVANIC
CORROSION OF THE ANODE. |T 1S NOT KNOWN WHETHER CARBON 1S READILY POLARIZED.
WITHOUT CARBON POLARIZATION, IT IS POSS - 1
OF A METAL IN CONTACT WITH THE CARBON, EVEN THOUGH THE AMOUNT OF CARBON I8

SMALL.,
5.2  IMMUNE SPECIMEN. THE PERFORMANCE OF HASTELLOY C IN THE TESTS PRO~
VIDED ANOTHER EXAMPLE OF THE OUTSTANDING CORROSION CHARACTERISTICS GENERALLY
ATTRIBUTED TO THIS MATERIAL IN SECAWATER.. [N THE PREVIOUS PHASE OF THE

INVESTIGATION, REFERENQE (A), IT WAS SHOWN THAT THIS MATERIAL WAS ESSENTIALLY
IMMUNE TO CREVICE CORROSION, ALSO, IT WAS SHOWN THAT, ALTHOUGH HasTeELLOY C
IS A RELATIVELY NOBLE MATERIAL AND CAN CAUSE SEVERE GALVANIC CORROSION WHEN
COUPLED TO SOME ALLOYS, T CAUSES LITTLE OR NO GALVANIC CORROSION WHEN
COUPLED TO THE NICKEL~COPPER ALLOYS OR NICKEL~ALUMINUM BRONZE. FROM THESE
RESULTS, IT SEEMS APPARENT THAT COMBINATIONS OF MATERIALS CAN BE SELECTED
"FOR MECHANICAL SEALS WITHOUT INTRODUCING SERIOUS GALVANIC CORROSION PROBLEMS,
ONE GAP IN THE INFORMATION, HOWEVER, CONCERNS THE CORROSION BEMAVIOR OF
HARD=SURFACING MATERIALS. CORROSION TESTS OF SEVERAL TYPES OF THESE
MATERIALS HAVE BEEN COMPLETED AND WILL 8E REPORTED AS THE THIRD PHASE OF

THE INVESTIGATION.,
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6.0  CONCLUSIONS

ON THE BASIS OF RESULTS PRESENTED, IT 1S CONCLUDED THAT THE
THREE GRADES OF CARBON.ACT AS STRONG CATHODES AND CAN CAUSE SEVERE GAL~
VANIC CORROSION WHEN COUPLED TO EQUAL AREAS OF G BRONZE, NICKEL~
ALUMINUM BRONZE, CuPALLOY, H MoONEL AND S MoNeEL., NO GALVANIC CORROSION
1S EVIDENT WHEN HASTELLOY C IS COUPLED TO CARBON.




